A new species of Pseudomonas was isolated that produced copious amounts of an exocellular heteropolysaccharide (PS-60) after incubation for 3 days at 30°C in media containing 3% glucose as a carbon source. The In the continuing search for novel watersoluble polysaccharides, particular attention has been directed in recent years to the production of extracellular polysaccharides of microorganisms (11). The environment contains a wide variety of microorganisms, and one would therefore expect that a wide variety of polysaccharides would also be found. Indeed, several microbial polysaccharides possessing various novel properties have been discovered (2, 18). We have been searching for a microbial polysaccharide which would produce a type of gel resembling an agar gel. This report describes the properties and the actual performance of a polysaccharide, PS-60, as a gelling agent in various culture media for a wide variety of microorganisms.
In the continuing search for novel watersoluble polysaccharides, particular attention has been directed in recent years to the production of extracellular polysaccharides of microorganisms (11) . The environment contains a wide variety of microorganisms, and one would therefore expect that a wide variety of polysaccharides would also be found. Indeed, several microbial polysaccharides possessing various novel properties have been discovered (2, 18). We have been searching for a microbial polysaccharide which would produce a type of gel resembling an agar gel. This report describes the properties and the actual performance of a polysaccharide, PS-60, as a gelling agent in various culture media for a wide variety of microorganisms.
MATERIALS AND METHODS Bacterial strain. The bacterium was isolated from plant (Elodea) tissue collected in Pennsylvania. Our taxonomic study revealed that the organism was a species of Pseudomonas that did not correspond to any strains in the published literature (T. Kaneko and K. S. Kang, Abstr. Annu. Meet. Am. Soc. Microbiol. 1979 , 137, p. 101).
Media and fermentation conditions. The typical fermentation medium to produce the potassium form of PS-60 consisted of (per liter): 30 g of glucose, 0.5 g of K2HPO4, 0.1 g of MgSO4-7H2O, 0.9 g of NH4NO3, 0.5 g of Promosoy (Central Soya, Chemurgy Division, Fort Wayne, Ind.), and 1 ml of salt solution. The salt solution was prepared in 1 liter of deionized water that contained the following ingredients: 1. 8 (dihydrate) . The sodium form of PS-60 was prepared by substituting Na2HPO4 for K2HPO4 in the medium.
Thirty-liter-capacity fermentors (Fermentation Design, Inc., Bethlehem, Pa.) were used to produce this product. The fermentation was started with a 5% inoculum size. The pH of the fermentation broth was automatically controlled at 6.5, using 4.45 N KOH for the potassium form of PS-60 and 6.25 N NaOH for the production of the sodium form. The fermentation was carried out at 30 + 0.3°C with an agitation tip speed of 400 to 800 m/min and an aeration rate of 2 (medium/air, vol/vol).
Recovery of PS-60. Native PS-60 was recovered by heating the fermentation liquor to 95°C and then precipitating with 2 volumes of 99% isopropanol. Deacetylated PS-60 was prepared by first heating to 95°C and then cooling to 80°C. The pH was brought to 10 with KOH or NaOH, and these conditions were maintained for 10 min, followed by neutralization with H2SO4. The product was then precipitated with 2 volumes of isopropanol. Clarified product was obtained by filtration (0.2 ,um) of the hot, alkaline-treated fermentation liquor with Pall cartridge filters (Pall Western Corporation, City of Industry, Calif.) or Gelman membrane filters, followed by precipitation of the polymer in the filtrate with isopropanol. It also was obtained by reconstituting the native product to a 1% concentration in deionized water followed by heating, deacetylation, filtration, and precipitation with isopropanol. The fibrous precipitate was recovered with sieves and dried in a forced-air tray drier at 55°C for 1 h.
Analytical loids, Inc., Springfield, N.J.) with a small plunger at slow speed. The neutral sugars were identified by paper chromatography and quantitated as the aldononitrile acetate derivatives after acid hydrolysis (1). Before injection, the aldononitrile acetate derivatives were extracted with chloroform. The chloroform extract was washed with water and dried under nitrogen at 400C. The sample was dissolved in chloroform (0.1 ml), and the aldononitrile derivatives were separated on a stainless steel column (10 ft by 1/8 in.) of 3% SP-2340 on 100/120-mesh Supelcoport, using a temperature program of 200°C (isothermal) for 5 min and a temperature increase of 5°C until 265°C. The peak areas of the separated sugar derivatives were quantitated with a Hewlett Packard 5830A gas chromatograph, and the concentration of each sugar was calculated by reference to appropriate sugar standards. The uronic acid content was determined by decarboxylation (5) and the carbozole procedure (3) and identified as principally glucuronic acid by paper electrophoresis in an acidic buffer sy-stem (12) . Alkali labile 0-acetyl groups were determined by the procedure of Hestrin (9) . Protein concentration was determined by the method of Lowry et al. (14) .
The glycosidic linkages were determined by methylation (7) of the purified polysaccharide followed by hydrolysis and quantitation of the 0-methyl sugars as the alditol acetate derivative (4). The derivatives were separated and identified by gas-liquid chromatography/mass spectrometry, using a Hewlett-Packard model 5992 apparatus (Hewlett-Packard, Palo Alto, Calif.) fitted with 1.5-ft (ca. 45.72-cm) glass columns containing 3% OV-225 at 170'C.
Response surface methodology. The effect of salt concentration and gum concentration on gel strength was examined by using two statistical programs from Table 4 ) except for the PS-60, agar, and blood (5% defibrinated sheep blood). After the agar or PS-60 was added, the medium was autoclaved at 121°C for 15 min and cooled to 50°C. The blood was then warmed to 50°C and added to the medium being held at 50°C. The plates were then poured. Starch plates were prepared by adding 1.0% soluble starch to nutrient broth. The medium was solidified by using 0.6% PS-60 and 0.1% MgCI2-6H20. Gelatin plates were prepared by adding 0.4% gelatin to nutrient broth. This medium was solidified in the same way the starch medium was.
RESULTS
Chemical composition. Figure 1 shows the derivation of the native, deacetylated, and clarified PS-60. Native PS-60 has 3.0% acetyl groups as the O-glycosidically linked ester. These acetyl groups are readily removed from PS-60 by heating it at pH 10, and the resultant deacetylated PS-60 exhibits physical properties different from those of native acetylated PS-60. Native PS-60 contains a considerable amount of nonpolysaccharide debris that can be removed by either filtration or centrifugation. Table 1 gives the results of the chemical composition analyses done on PS-60. The debris that contains bacterial cell mass has not been characterized completely. Native PS-60 consists of a 50% sugar fraction that comprises glucose and rhamnose in a molar ratio of 3:2 and glucuronic acid. Deace- the fermentation liquor at the end of fermentation was in the range of 4,000 to 8,000 centipoise. The recovery efficiency of purified PS-60 was 55% of the native product.
Characterization of PS-60. One of the most outstanding differences in properties between native and deacetylated PS-60 is their gel texture. Upon heating in the presence of cations, the native PS-60 forms elastic or soft gels, whereas both the deacetylated and purified PS-60 produce firm, nonelastic or brittle gels. Since the clarified deacetylated PS-60 is our major interest in this paper, we will describe the clarified PS-60 in greater detail.
Thermal stability. Polysaccharide PS-60 has good thermal stability, being able to withstand several autoclaving cycles ( Table 2 ). The percentage of decrease in gel strength for PS-60 gels is similar to that of agar during the initial autoclaving cycle, which is the most significant since most media undergo only one such sterilization cycle.
Effects of enzymes. Solutions of PS-60 were exposed to various types of enzymes to determine their effect on this polysaccharide (Table  3) . None of these enzymes had any effect on PS-60 viscosity or gel strength.
Effects of salts. Polysaccharide PS-60 requires the presence of a salt for gelation. Both the type of cation and the concentration affect the gel strength of PS-60 gels (Fig. 2) . Both monovalent and divalent cations promote gelation of PS-60, but divalent ions such as magnesium and calcium do so at much lower concentrations than monovalent cations. At calcium concentrations above 0.1%, gel strengths begin to decline and the gels are no longer thermoreversible. Figure 3 shows a response surface map which illustrates the range of PS-60 and MgCl2 concentrations that can be used to produce gels with different gel strengths. The results show that there is a significant amount of flexibility in the amount of PS-60 or MgCl2 needed to obtain a particular gel strength. 
Effect of cations on
Gelling characteristics. A by heating a solution of PS a suitable cation to boiling i then cooling to below its I gel setting point of PS-60 is ; H20 1% PSe60 The typical reactions of Salmonella pullorum of H2S production, acid butt, alkaline slant, and gas production in TSI agar slants were also present in TSI slants solidified with PS-60.
The media inoculated with strains of Agromyces, Arthrobacter, Aureobasidium, Azoto-H20 bacter, Beijerinckia, Erwinia, Nocardia, Trichoderma, and Zoogloea were incubated at 30°C. The plates were examined at 3, 5, and 8 days for KCI growth characteristics. In all cases, good growth aNCl was observed. No differences in growth characNaCI teristics or pigmentation were observed between agar-and PS-60-based media. The starch and gelatin plates were inoculated with various strains of bacteria. After 3 days of incubation at 300C, the starch plates were flooded with Gram iodine, and the gelatin plates were flooded with acidic mercuric chloride. No differences in positive and negative reactions were noted between PS-60-and agar-based media. Zone diameters for the positive strains were similar. The PS-60 gels have properties which more gel setting point. The closely resemble those of agar and kappa-carradependent on the PS-geenan gels. Also, gels of PS-60 are similar to 60 and the cation concentration and can vary from 35 to 50°C. A PS-60 gel will melt at 90 to 100°C. After heating, a PS-60 solution will have no significant viscosity and will gel almost instantly when its setting point has been reached.
Use as a medium gelling agent. A number of microbial media were prepared with PS-60 as the gelling agent. These media included nutrient broth, Trypticase soy broth, potato dextrose broth, and Burks. These media were compared with their agar counterparts by inoculating the plates with known species (Table 4) .
The media inoculated with Enterobacter, Escherichia, Klebsiella, Proteus, Salmonella, Shigella, Staphylococcus, and Streptococcus were incubated at 35 to 37°C for 24 h. Good growth was observed on all plates. Growth on the PS-60-based media was quite similar to that on agar-based media. There were no observable differences in hemolysis reactions on agar-and PS-60-based blood media for Staphylococcus and Streptococcus. The green metallic sheen characteristic of E. coli on EMB agar was also present on EMB medium solidified with PS-60. c Contained 0.3% beef extract (Difco), 0.3% yeast extract (Difco), 1.5% peptone (Difco), 0.5% proteose peptone, 1.0% lactose, 1.0% sucrose, 0.1% dextrose, 0.02% FeSO4, 0.5% NaCl, 0.03% Na2S203, and 0.0024% phenol red.
d Contained 1.0% tryptose (Difco), 0.3% beef extract (Difco), and 0.5% NaCl.
those of agar in resistance to enzymatic degradation and thermal stability. However, PS-60 differs from agar in the requirement of a cation for gelation and also in the speed of gelation. Kappa-carrageenan, like PS-60, also requires a cation to be present for gelation, and its gel strength is dependent on the cation concentration. The type of cation required for K-carrageenan gelation, however, is restricted to potassium, ammonium, cesium, or rubidium (19) , whereas PS-60 will gel in the presence of most monovalent or divalent cations. Another significant difference between PS-60 gels and K-carrageenan gels is in their setting and melting characteristics. A heated solution of PS-60 has no significant viscosity and gels very rapidly when its setting point is reached. Solutions of Kcarrageenan may start to thicken at temperatures well above their actual gel setting point, which can cause problems in dispensing (13, 19) . Also, the quality of carrageenan is reported to change because of seasonal variations (13) . The quality of a polysaccharide such as PS-60, produced via a fermentation, can be controlled strictly.
The results of our preliminary study show that PS-60 should be useful as a replacement for agar. In addition to its unique gelling characteristics, it also serves as an excellent matrix for supporting the growth of microorganisms. The actual texture of this gel resembles that of agar. A gel strength equivalent to that of agar can be obtained at half the agar concentration with PS-60. The concentration of carrageenan needed to give a gel strength comparable to that of agar is reported to be approximately 2%, which is higher than that of agar (13) . The fact that cations are required to cause gelation should present no problem, since magnesium will do this at concentrations of 0.1% or less. In fact, many media would already contain enough cations to cause suitable gelation. The rapidity with which PS-60 gels set could cause problems in dispensing or addition of heat-labile compounds, such as blood, before pouring.
The elucidation of the structure and the change in molecular conformation that this polysaccharide undergoes from solution to gel would provide a better understanding of the properties of this novel polysaccharide. Gel formation mediated by cations is believed to be caused by changes in conformation based on studies of other gel-forming substances (6, 17 
